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(57) ABSTRACT

A method is provided for fabricating a semiconductor struc-
ture. The method includes providing a semiconductor sub-
strate having a plurality of first doped regions and second
doped regions; and forming a first dielectric layer on the
semiconductor substrate. The method also includes forming a
first gate dielectric layer and a second gate dielectric layer;
and forming a first metal gate and a second metal gate on the
first gate dielectric layer and the second gate dielectric layer,
respectively. Further, the method includes forming a third
dielectric layer on the second metal gate; and forming a
second dielectric layer on the first dielectric layer. Further, the
method also includes forming at least one opening exposing
at least one first metal gate and one first doped region; and
forming a contact layer contacting with the first metal gate
and the first doped region to be used as a share contact struc-
ture.

12 Claims, 4 Drawing Sheets
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SEMICONDUCTOR STRUCTURES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 13/919,276, filed on Jun. 17, 2013, which claims
priority to Chinese Patent Application No. 201310006390.9,
filed on Jan. 8, 2013, all of which are incorporated herein by
reference in their entirety.

FIELD OF THE INVENTION

The present invention generally relates to the field of semi-
conductor manufacturing technology and, more particularly,
relates to semiconductor structures and fabrication tech-
niques thereof.

BACKGROUND

With the rapid development on integrated circuit (IC)
manufacturing technology, size of semiconductor in ICs,
especially the size of MOS (Metal-oxide-semiconductor)
devices, continues to shrink in order to meet the requirements
for miniaturization and high-degree-integration of integrated
circuits. As the size of the MOS transistor devices decreases
continuously, the existing fabrication technology, which uses
silicon oxide or silicon oxynitride as the gate dielectric layer,
has been challenged. More specifically, transistors with sili-
con oxide or silicon oxynitride based gate dielectric layer may
have certain problems, such as increased leakage current and
impurity diffusion, which may affects the threshold voltage of
the transistors. Thus, the performance of semiconductor
devices based on such transistors may be impacted.

To solve these problems, transistors with high dielectric
constant (high-K) metal gate structures have been introduced.
By replacing the silicon oxide or silicon oxynitride gate
dielectric materials with the high-K materials, the leakage
current can be reduced while the size of the semiconductor
devices decreases, and the performance of the semiconductor
devices can be improved.

FIG. 1 illustrates an existing transistor having a high-K
dielectric layer and a metal gate. The transistor includes a first
dielectric layer 105 on the surface of a semiconductor sub-
strate 100, and there is an opening (not shown) exposing the
surface of the semiconductor substrate 100 in the first dielec-
tric layer 105. The transistor also includes a high-K dielectric
layer 101 covering sidewalls and the bottom of the opening,
and a metal gate layer 103 on the high-K dielectric layer 103.
Further, the transistor also includes a sidewall spacer 104 on
the surface of the semiconductor substrate at both sides of
high-K dielectric layer 101 and the metal gate layer 103, and
a source region 106a and a drain region 1065 in the semicon-
ductor substrate 100 at both sides of the dielectric layer 101,
the metal gate layer 103 and the sidewall spacer 104.

After forming the transistor, a back end of line (BEOL)
process may be performed. The BEOL process may be used to
connect the source region 1064, the drain region 1065, and/or
the gate 103 with other semiconductor devices of the ICs.

FIG. 2 illustrates a share contact structure formed by the
BEOL process for the existing transistor having a high-K
dielectric layer and a metal gate. The share contact structure
includes a first conductive via 124 connecting with the sur-
face of the source region 1064, a second conductive via 125
connecting with the surface of the metal gate 103, a conduc-
tive layer 126 on the surfaces of the first conductive via 124
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and the second conductive via 125. The share contact struc-
ture also includes an interlayer dielectric layer 105, and a
second dielectric layer 120.

However, the BEOL process for forming the share contact
structure of the existing transistor having the high-K dielec-
tric layer 101 and the metal gate layer 103 may be relatively
complex, and the production time and cost may be increased.
The disclosed device structures, methods and systems are
directed to solve one or more problems set forth above and
other problems.

BRIEF SUMMARY OF THE DISCLOSURE

One aspect of the present disclosure includes a method for
fabricating a semiconductor structure. The method includes
providing a semiconductor substrate having a plurality of first
doped regions and second doped regions; and forming a first
dielectric layer on the semiconductor substrate. The method
also includes forming a first gate dielectric layer and a second
gate dielectric layer; and forming a first metal gate and a
second metal gate on the first gate dielectric layer and the
second gate dielectric layer, respectively. Further, the method
includes forming a third dielectric layer on the second metal
gate; and forming a second dielectric layer on the first dielec-
tric layer. Further, the method also includes forming at least
one opening exposing at least one first metal gate and one first
doped region; and forming a first contact layer contacting
with the first metal gate and the first doped region to be used
as a share contact structure.

Another aspect of the present disclosure includes a semi-
conductor structure. The semiconductor includes a semicon-
ductor substrate having a plurality of first doped regions and
aplurality of second doped regions. The semiconductor struc-
ture also includes a first dielectric layer on the semiconductor
substrate and a second dielectric layer on the first dielectric
layer. Further, the semiconductor structure includes at least
one first gate dielectric layer on the semiconductor substrate
and a first metal gate on the first gate dielectric layer. Further,
the semiconductor structure also includes a plurality of sec-
ond gate dielectric layers, a second metal gate on each of the
second gate dielectric layers, and a third dielectric layer on
the second metal gate. Further, the semiconductor structure
also includes a first contact layer electrically contacting with
the first metal gate and the first doped region simultaneously.

Another aspect of the present disclosure includes another
semiconductor structure. The semiconductor includes a semi-
conductor substrate having a plurality of first doped regions
and a plurality of second doped regions. The semiconductor
structure also includes a first dielectric layer on the semicon-
ductor substrate and a second dielectric layer on the first
dielectric layer. Further, the semiconductor structure includes
at least one first gate dielectric layer on the semiconductor
substrate and a first metal gate on the first gate dielectric layer.
Further, the semiconductor structure also includes a plurality
of second gate dielectric layers, a second metal gate on each
of'the second gate dielectric layer, and a third dielectric layer
on the second metal gate. Further, the semiconductor struc-
ture also includes a first contact layer electrically contacting
with the first metal gate and the first doped region simulta-
neously, and a second contact layer electrically contacting
with the second doped region and electrically isolated with
the second metal gates.

Other aspects of the present disclosure can be understood
by those skilled in the art in light of the description, the
claims, and the drawings of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an existing transistor having a high-K
dielectric layer and a metal gate;



US 9,105,632 B2

3

FIG. 2 illustrates a share contact structure formed by a back
end of line process for an existing transistor having a high-K
dielectric layer and a metal gate

FIGS. 3-7 illustrate semiconductor structures correspond-
ing to certain stages of an exemplary fabrication process for a
semiconductor structure consistent with the disclosed
embodiments;

FIGS. 8-9 illustrate semiconductor structures correspond-
ing to certain stages of an exemplary fabrication process for
another semiconductor structure consistent with the dis-
closed embodiments; and

FIG. 10 illustrates an exemplary fabrication process for a
semiconductor structure consistent with the disclosed
embodiments.

DETAILED DESCRIPTION

Reference will now be made in detail to exemplary
embodiments of the invention, which are illustrated in the
accompanying drawings. Wherever possible, the same refer-
ence numbers will be used throughout the drawings to refer to
the same or like parts.

Referring to FIG. 2, the first conductive via 124 and the
second conductive via 125 may be formed by filling a metal
material into a first opening (not shown) and a second opening
(not shown) using a deposition process. A portion of the
material over the second dielectric layer 120 may be removed
by a chemical mechanical polishing (CMP) process. Further,
the conductive layer 126 may also be formed by a deposition
process, and an etching process after the deposition process.
Thus, the process for the share contact structure may be
relatively complex, and it may affect increasing the efficiency
and reducing the production cost.

Further, because depth-to-width ratios of the first opening
and the second opening may be relatively big, it may be easy
to form defects in the metal filled in the first opening and the
second opening, deteriorating the performance of the transis-
tor. Further, top areas of the first via 124 and the second 125
may be relatively smaller than an area of the second dielectric
layer 120, a subsequent CMP process may cause the second
dielectric layer 120 to have a undesired surface, which may
reduce the stability of the transistor. The disclosed embodi-
ments overcome such problems by using self-aligned contact
and share contact structures and fabrication methods.

FIG. 10 illustrates an exemplary fabrication process for a
semiconductor structure, and FIGS. 3-7 illustrate exemplary
semiconductor structures corresponding to various stages of
the fabrication process.

As shown in FIG. 10, at the beginning of the fabrication
process, a semiconductor substrate with certain structures is
provided (S101). FIG. 3 illustrates a corresponding semicon-
ductor structure.

As shown in FIG. 3, a semiconductor substrate 400 is
provided. The substrate 400 have a first dielectric layer 401 on
one surface. A plurality of first openings (not shown) and a
plurality of second openings (not shown) may be formed in
the dielectric layer 401. A portion of the semiconductor sub-
strate 400 may be exposed by the first openings and the
second openings. A plurality of first doped regions 402 are
formed in the semiconductor substrate 400 at both sides of
each of first openings. A first gate dielectric layer 410 is
formed on the bottom and the sidewall of each of first open-
ing. A first metal gate 411 is formed on the first gate dielectric
layer 410. A second dielectric layer 420 is formed on the
bottom and the sidewall of each of the second opening. A
second metal gate 421 is formed on the second dielectric layer
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420. Top surfaces of the first metal gate 411 and the second
metal gate 421 may level with the top surface of the first
dielectric layer 401.

The semiconductor substrate 400 may include any appro-
priate semiconductor materials, such as silicon, silicon on
insulator (SOI), silicon germanium, carborundum, indium
antimonide, lead telluride, indium arsenide, indium phos-
phide, gallium arsenidie, gallium antimonite, or alloy semi-
conductor, etc. The substrate 400 provides a base for subse-
quent processes and structures.

After providing the semiconductor substrate 400, a plural-
ity of adjacent first dummy gate structures (not shown) and
second dummy gate structures (not shown) may be formed on
the semiconductor substrate 400. The first dummy gate struc-
tures may be made of any appropriate material, such as poly
silicon, silicon oxide, silicon nitride, etc. In one embodiment,
the first dummy gate structures and the second dummy gate
structures are made of poly silicon.

In certain other embodiments, sidewall spacers may be
formed on the surface of the semiconductor substrate 400 at
both sides of each of the first dummy gate structures and the
second dummy gate structures. The sidewall spacers may be
made of one or more of silicon oxide, silicon nitride, silicon
oxynitride, or appropriate low-K material, etc.

Referring to FIG. 3, after forming the first dummy gate
structures and the second dummy gate structures, the first
doped regions 402 may be formed in the semiconductor sub-
strate 400 at both sides of each of the first dummy gate
structures. The second doped regions 403 may also be formed
in the semiconductor substrate 400 between adjacent second
dummy gate structures. The first doped regions 402 and the
second doped regions 403 may be formed by an ion implan-
tation process using the first dummy gate structures and the
second dummy gate structures as masks.

Further, referring to FIG. 3, after forming the first doped
regions 402 and the second doped regions 403, the first dielec-
tric layer 401 may be formed on the semiconductor substrate
400. The first dielectric layer may be formed by depositing a
first dielectric material layer on the semiconductor substrate
400 and top surfaces and the sidewalls of the first dummy gate
structures and the second dummy gate structures, followed by
removing the first dielectric material layer on the top surfaces
of'the first dummy gate structures and the second dummy gate
structures. Thus, the first dielectric layer 401 is formed, and
the surface of the first dielectric layer 401 may level with the
surfaces of the first dummy gate structures and the second
dummy gate structures.

The first dielectric material layer may be made of any
appropriate material, such as silicon oxide, silicon nitride, or
silicon oxynitride, etc. The first dielectric material layer on
the surfaces of the first dummy gate structures and the second
dummy gate structures may be removed by any appropriate
process, such as a chemical mechanical polishing (CMP)
process, or a mechanical polishing process, etc. In one
embodiment, the first dielectric material layer on the surfaces
of'the first dummy gate structures and the second dummy gate
structures is removed by a CMP process.

In certain other embodiments, before forming the first
dielectric layer 401, a barrier layer may be formed on the
semiconductor substrate 400 and sidewalls and bottoms of the
first dummy gate structures and the second dummy gate struc-
tures. The barrier layer may be made of any appropriate
material, such as silicon nitride, silicon oxynitride, silicon
carbide, or silicon carbonitride, etc. In one embodiment, the
material for the barrier layer may be different from the mate-
rial for the first dielectric layer 401.
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The barrier layer may be used as a stop layer of the CMP
process for removing the first dielectric material layer on the
surfaces of the first dummy gate structures and the second
dummy gate structures. When the barrier layer is exposed by
the CMP process, the CMP process may be stopped, then an
over polishing process may be performed to remove the bar-
rier layer to expose the first dummy gate structures and the
second dummy gate structures.

After forming the first dielectric layer 401, the first dummy
gate structures may be removed, and the first openings may be
formed. The second dummy gate structures may be removed,
and the second openings may be formed. The first dummy
gate structures and the second dummy gate structures may be
removed by any appropriate process, such as a plasma etching
process, or a wet chemical etching process, etc.

The number of the first openings may be equal to, or greater
than one. When the number of the first openings is greater
than one, and the plurality of the first openings are adjacent,
the first doped regions 402 may be formed in the semicon-
ductor substrate 400 between two adjacent first openings. The
first doped regions 402 may be source/drain regions of a
transistor. Further, if one of the first openings is adjacent to
one of the second openings, the first doped regions 402 may
be in the semiconductor substrate 400 between the first open-
ing and the second opening which is adjacent to the first
opening.

Further, the number of the second openings may be equal
to, or greater than one. As shown in FIG. 3, a plurality of
second doped regions 403 may be formed in the semiconduc-
tor substrate 400 between adjacent second openings which
are filled with the second dielectric layers 420 and the second
metal gates 421. The rather inside second opening may be
adjacent to the rather inside first opening. In one embodiment,
the number of the first openings is one, and the number of the
second openings is three. The three second openings are
adjacent.

In certain other embodiments, a liner layer (not shown)
may be formed on the surface of each of the first opening. The
liner layer (not shown) may also be formed on the surface of
each of the second opening. The liner layer may be used to
prevent the first metal gate 411 and the second metal gate 421
from diffusing into the semiconductor substrate 400.

The liner layer may be made of any appropriate material,
such as silicon oxide, silicon nitride, silicon carbide, silicon
oxynitride, or silicon carbonitride, etc. Various processes may
be used to form the liner layer, such as a physical vapor
deposition (PVD) process, a chemical vapor deposition
(CVD) process, a flowable CVD (FCVD) process, a high
aspect ratio (HARP) process, a high density plasma CVD
(HDP CVD) process, or a spin-coating process.

Further, after forming the first openings and the second
openings, a gate dielectric material layer may be formed on
the surface of the first dielectric layer 401, and sidewalls and
bottoms of the first openings and the second openings. After
forming the gate dielectric material layer, a metal gate mate-
rial layer may be formed on the gate dielectric material layer,
and may fill up the first openings and the second openings.
Then, a portion of the gate dielectric material layer and the
metal gate material layer on the first dielectric layer 401 may
be removed. Thus, referring to FIG. 3, the first gate dielectric
layer 410 and the first metal gate 411 are formed in each of the
first openings. Similarly, the second gate dielectric layer 420
and the second metal 421 are formed in each of the second
openings.

The first gate dielectric layer 410 and the second gate
dielectric layer 420 may be a single layer or a multiple-
stacked layer. The first gate dielectric layer 410 and the sec-
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ond gate dielectric layer 420 may be made of one or more of
high-K dielectric material including hafnium dioxide, zirco-
nium dioxide, hafnium silicate, lanthanum oxide, zirconium
silicate, titanium oxide, tantalum oxide, barium strontium
titanate, barium titanate, strontium titanate, and aluminum
oxide, etc. Appropriate low-K dielectric, such as silicon
oxide, silicon nitride, or silicon oxynitride may also be used
as the first gate dielectric layer 410 and the second gate
dielectric layer 420. Various processes may be used to form
the gate dielectric material layer, such as a physical vapor
deposition (PVD) process, a chemical vapor deposition
(CVD) process, a flowable CVD (FCVD) process, a high
aspect ratio (HARP) process, a high density plasma CVD
(HDP CVD) process, or a spin-coating process, etc.

Since the first gate dielectric layers 410 and the second
dielectric layers 420 are made of the high-K material, the
interface between the first gate dielectric layers 410 and the
semiconductor substrate 400 may be unable to match. The
interface between the second gate dielectric layers 420 and
the semiconductor substrate 400 may also be unable to match.
An oxide layer (not shown) may be formed on the surface of
the semiconductor substrate 400 on the bottoms of the first
openings and the second openings before forming the first
gate dielectric layers 410 and the second gate dielectric layers
420. The oxide layer may be used to bond the first gate
dielectric layers 410 and the second gate dielectric layers 420
with the semiconductor substrate 400. The leaking current of
a transistor with such structures may be reduced, and the
stability may be enhanced.

The metal gate material layer may be made of any appro-
priate metal material, such as copper, tungsten, aluminum, or
silver. The metal gate material layer may also be made of any
appropriate conductive alloy. Various process may be used to
form the metal gate material layer, such as a CVD process, a
PVD process, or an electroplating process, etc.

The portion of the gate dielectric material layer and the
metal gate material layer on the first dielectric layer 401 may
be removed by any appropriate process, such as a CMP pro-
cess, or an etching process, etc. In one embodiment, the
portion of the gate dielectric material layer and the metal gate
material layer on the first dielectric layer 401 is removed by a
CMP process.

In certain other embodiments, a first work function layer
(not shown) may be formed between the first gate dielectric
layer 410 and the first metal gate 411. A second work function
layer (not shown) may be formed between the second gate
dielectric layer 420 and the second metal gate 421.

The first work function layer and the second work function
layer may be made of any appropriate material, such as tita-
nium, tantalum, titanium nitride, tantalum, nitride, cobalt,
titanium aluminum nitride, titanium aluminum cobalt alloy,
ruthenium, copper manganese, titanium aluminum, or lantha-
num, etc. Various processes may be used to form the first work
function layer and the second work function layer, such as a
PVD process, a sputter coating process, or a CVD process,
etc.

The first work function layer and the second work function
layer may be used to modulate the threshold voltage of a
transistor. If the transistor is a PMOS transistor, the first work
function layer and/or the second work function layer may be
made of a material with a relatively high work function. If the
transistor is an NMOS transistor, the first work function layer
and/or the second work function layer may be made of a
material with a relatively low work function. Thus, the thresh-
old voltage of the transistor may be reduced.

In certain other embodiments, a protection layer (not
shown) may be formed on the first gate dielectric layer 410
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and the second gate dielectric layer 420. The protection layer
may be made of any appropriate material, such as titanium
nitride, tantalum nitride, or titanium aluminum nitride, etc.

The protection layer may be used to isolate the first gate
dielectric layer 410 and the first metal gate 411. The protec-
tion layer may also be used to isolate the second gate dielec-
tric layer 420 and the second metal gate 421. Further, the
protection layer may be used to prevent impurities from dif-
fusing into the work function layer and/or the metal gates
during the fabrication process for the transistor. The impuri-
ties may contaminate the metal gates and/or the work function
layer. Further, the protection layer may also be used to prevent
a leakage current being generated between the gate dielectric
layers and the metal gates when the transistor is working, and
the isolation effect of the protection layer may be enhanced.

Returning to FIG. 10, after providing the semiconductor
substrate 400 with first doped regions 402, the second doped
regions 403, the first dielectric layers 401, the first gate dielec-
tric layers 420, the second gate dielectric layers 410, the first
metal gates 411, and the second metal gates 421, a third
dielectric layer may be formed on each of the second metal
gates 421 (S102). FIG. 4 illustrates a corresponding semicon-
ductor structure.

As shown in FIG. 4, a third dielectric layer 409 may be
formed on each of the second metal gates 421. The third
dielectric layer 409 may be formed by: removing a top portion
of the second metal gate 421 to form a third opening (not
shown) lower than the surface of the first metal gate 411; and
forming the third dielectric layer 409 leveling with the top
surface of the first metal gate 411.

The top portion of the second metal gate 421 may be
removed by any appropriate process, such as an etching pro-
cess including a wet etching process or a dry etching process,
etc., or a CMP process, etc. In one embodiment, the top
portion of the second metal gate 421 is removed by an aniso-
tropic dry etching process.

In one embodiment, a protection layer (not shown) may be
formed on the surface of the first metal gates 411 when the dry
etching process is performed to remove the top portion of the
second metal gates 421. After the top portion of the second
metal gates 421 is removed, the protection layer may be
removed.

The third dielectric layer 409 may be made of any appro-
priate material, such as silicon oxide, silicon nitride, or silicon
oxynitride, etc. In one embodiment, the third dielectric layer
409 is made of silicon nitride. In certain other embodiments,
the first dielectric layer 401 and the third dielectric layer 409
may have an etching selectivity, i.e. they have different etch-
ing rates to a certain etching solution or a certain type of
etching ion. Various processes may be used to form the third
dielectric layer 409, such as a CVD process, or a PVD pro-
cess, etc. The third dielectric layer 409 may be used to elec-
trically isolate the second metal gates 421 and a subsequently
formed first contact layer.

In certain other embodiments, if the a second work func-
tion layer is formed between the second metal gates 421 and
the second gate dielectric layers 420, a portion of the second
work function layer on the sidewalls may also be removed.
Thus, the third dielectric layer 409 may be formed on both the
surface of the second metal gate 421 and the surface of the
second work function layer, the third dielectric layer 409 may
electrically isolate the metal gate 421 and the second work
function layer.

Returning to FIG. 10, after forming the third dielectric
layer 409, a second dielectric layer may be formed on the first
metal gates 411, the third dielectric layers 409 and the first
dielectric layer 401. A mask layer may be formed on the
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second dielectric layer (S103). FIG. 5 illustrates a corre-
sponding semiconductor structure.

As shown in FIG. 5, a second dielectric layer 406 is formed
on the first metal gates 411, the third dielectric layers 409 and
the first dielectric layer 401. A mask layer 407 is formed on
the second dielectric layer 406. The second dielectric layer
406 and the third dielectric layers 409 may have an etching
selectivity, i.e., they may have different etching rates for
certain etching solutions, or etching ions. The mask layer 407
may have a sixth opening 440 exposing a portion of the
second dielectric layer 406. The sixth opening 440 may be
corresponding to at least one of the first doped regions 402
and the first metal gate 411.

The second dielectric layer 406 may be made of any appro-
priate material, such as silicon oxide, silicon nitride, or other
low-K materials. Various processes may be used to form the
second dielectric layer 406, such as a PVD process, a CVD
process, an FCVD process, or an atomic layer deposition, etc.
In one embodiment, the second dielectric layer 406 is formed
by a CVD process.

Since the second dielectric layer 406 may be formed on the
surface of the first metal gate 411, a subsequently formed first
contact layer in the second dielectric layer 406 may be used to
electrically connect with the first metal gate 411.

The sixth opening 440 in the mask layer 407 may be used
to determine a position of the subsequently formed first con-
tact layer. The mask layer 407 may be a photoresist mask, or
ahard mask, etc. In one embodiment, the mask layer 407 is a
photoresist mask. A process for the sixth opening 440 and the
photoresist mask 407 may include: forming a photoresist
layer on the surface of the second dielectric layer 406 by a
spin-coating process; patterning the photoresist layer; and
removing a portion of the photoresist layer corresponding to
the position of the first metal gate 411 and the first doped
region 402. Thus, the mask layer 407 with the sixth opening
may be formed. The size and position of the mask layer 407
may be adjusted according to the process requirements of a
subsequently formed first contact layer.

In one embodiment, the mask layer 407 may expose a
position corresponding to only one first metal gate 411 and
one first doped region 402, a subsequently formed fourth
opening may only expose one first metal gate 411 and one first
doped region 402. Thus, a subsequently formed first contact
layer may electrically connect the first metal gate 411 with the
first doped region 402, and a share contact structure may be
formed.

Referring to FIG. 5, in one embodiment, the sixth opening
440 may also expose a portion of the surface of the second
dielectric layer 406 corresponding to a position of the second
metal gate 421, thus the area exposed by the mask layer 407
may be increased, the resolution requirement of a photoli-
thography process for the sixth opening may be reduced.

Further, since the third dielectric layer 409 may be formed
on the second metal gate 421; the third dielectric layer 409
and the second dielectric layer 406 may have an etching
selectivity; and sidewall spacers may be formed on both sides
of'the second metal gate 421, the third dielectric layer 409 and
the sidewall spacers may prevent the second metal gate 421
and the second gate dielectric layer 420 from being damaged
during a subsequent process for the fourth opening. The prob-
lem of exposing the second metal gate 421 caused by tech-
nology errors during a process for exposing the first metal
gate 411 may be avoided, thus it may ensure the stability of
the transistor.

In certain other embodiments, the sixth opening 440 in the
mask layer 407 may expose a position corresponding to the
first metal gate 411 and first doped regions 402 at both sides
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of the first metal gate 411 simultaneously. A subsequently
formed fourth opening may expose surfaces of the first metal
gate 411 and the first doped regions 402 at both sides of the
first metal gate 411. A subsequently formed first contact layer
in the fourth opening may electrically connect the first metal
gate 411 and the first doped regions 402 at both sides of the
first metal gate 411 simultaneously. Thus, a share contact
structure may be formed.

In certain other embodiments, if the number of the first
openings is greater than one, the mask layer 407 may expose
aposition corresponding to any first doped region 402 and the
first metal gates 411 atboth sides of the first doped region 402.
The first doped region 402 and the first metal gates 411 at both
sides of the first doped region 402 may be electrically con-
nected by a subsequently formed first contact layer, a share
contact structure may be formed.

Returning to FIG. 10, after forming the second dielectric
layer 406 and the mask layer 407, a fourth opening exposing
at least one first doped region 402 and the one first metal gate
411 may be formed (S104). FIG. 6 illustrates a corresponding
semiconductor structure.

As shown in FIG. 6, a fourth opening 441 is formed by
removing a portion of the second dielectric layer 406 and a
portion of the first dielectric layer 401 using the mask layer
407 as an etching mask. Surfaces of the first doped region 402
and the first metal gate 411 are exposed by the fourth opening
441.

The portion of the second dielectric layer 406 and the
portion of the first dielectric layer 401 may be removed by any
appropriate process, such as a dry etching process, or a wet
etching process. In one embodiment, the portion of the sec-
ond dielectric layer 406 and the portion of the first dielectric
layer 401 are removed by a dry etching process.

Since the second dielectric layer 406 and the first metal
gate 411 are made of different materials, a process for etching
the second dielectric layer 406 may be unable to damage the
surface of the first metal gate 411. After the portion of the
second dielectric layer 406 is removed, the portion of the first
dielectric layer 441 between the first metal gate 411 and the
second metal gate 421 may be further etched, thus the first
doped region 402 may be exposed. When the portion of the
first dielectric layer 441 between the first metal gate 411 and
the second metal gate 421 is etched, with the protection of the
sidewall spacers (not shown), damages to sidewalls of the first
metal gate 411 and the second metal gate 421 may be avoided.

Thus, it may only need one photolithography process and
one etching process to form the fourth opening 441 with a
desired quality. Further, it may only need one subsequent
deposition process and one subsequent polishing process to
form a first contact layer electrically connecting the first
doped region 402 and the first metal gate 411 simultaneously.
The first contact layer may be used as a share contact struc-
ture. The fabrication process for the share contact structure
may be simplified.

Further, the process for a first contact layer may be rela-
tively simple, thus the production cost may be reduced, and
the process efficiency may be increased. The top size of the
fourth opening 441 may be relatively large, which may cause
the top surface of the first contact layer formed in the fourth
opening 441 to have a relatively large size. Thus, damages to
the second dielectric layer 406 caused by a subsequent pol-
ishing process for removing a metal material on the surface of
the second dielectric layer 406 may be relatively small, and
the transistor may be more stable.

Referring to FIG. 6, the second metal gate 421 may be
protected by the third dielectric layer 409, the second metal
gate 421 may be unlikely exposed by the fourth opening 441,
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thus the subsequently formed first contact layer and the sec-
ond metal gate 421 may be electrically isolated by the third
dielectric layer 409. A top portion of the third dielectric layer
409 may be removed by the etching process for the fourth
opening 441, thus a thickness of the third dielectric layer 409
may be determined by the etching process. The desired thick-
ness of the third dielectric layer 409 may ensure the third
dielectric layer 409 to have an isolation effect.

In certain other embodiments, if barrier layers are formed
between the first dielectric layer 401 and the semiconductor
substrate 400, and between the first gate dielectric layer 410
and the second gate dielectric layer 420, a portion of the
barrier layers contacting with first gate dielectric layer 410
and the second gate dielectric layer 420 may be kept when the
first dielectric layer 401 is etched. The barrier layer may
further protect sidewalls of the first metal gate 411 and the
second metal gate 421, and prevent from being damaged by
the etching process for the fourth opening 441. A portion of
the barrier layer on the bottom of the fourth opening 441 may
also be removed.

In certain other embodiments, if the mask 407 exposes the
position corresponding to the first metal gate 411, and the first
doped regions 402 at both sides of the first metal gate 411
simultaneously, the fourth opening 441 may expose surfaces
of the first metal gate 411 and the first doped regions 402 at
both sides of the first metal gate 411, a subsequently formed
first contact layer may electrically contact with the first metal
gate 411, and the first doped regions 402 at both sides of the
first metal gate 411 simultaneously. Thus, a share contact
structure may be formed.

In certain other embodiments, if the number of the first
opening is greater than one, and the mask layer 407 may
expose a position of any one of the first doped regions 402 and
the first metal gates 411 at both sides of the first doped regions
402, the fourth opening 441 may expose the first doped region
402 and the first metal gates 411 at both sides of the first doped
region 402 simultaneously, a subsequently formed first con-
tact layer may electrically contact the first doped region 402
and the first metal gates 411 at both sides of the first doped
region 402 simultaneously. Thus, a share contact structure
may be formed.

Returning to FIG. 10, after forming the fourth opening 441,
a first contact layer may be formed in the fourth opening 441
(S105). FIG. 7 illustrates a corresponding semiconductor
structure.

As shownin FIG. 7, afirst contact layer 442 is formed in the
fourth opening 441. The surface of the first contact layer 442
may level with the surface of the second dielectric layer 406;
and the first contact layer 442 may electrically contact with at
least one metal gate 411 and one first doped region 402.

The first contact layer 442 may be formed by: forming a
metal material layer to fill up the fourth opening 441; and
removing a portion of the metal material layer on the surface
of'the semiconductor substrate 400 by a polishing process. In
one embodiment, the mask layer 407 may be removed before
forming the metal material layer.

The metal material layer may be made of any appropriate
metal, such as titanium, tungsten, aluminum, or silver, etc. In
one embodiment, the metal material is titanium or tungsten.

Various processes may be used to form the metal material
layer, such as a CVD process, a PVD process, a pulse laser
deposition process, a sputtering process, or an electroplating
process, etc. Various processes may be used to remove the
portion of the metal material on the semiconductor substrate
400, such as a CMP process, or an etching process, etc. In one
embodiment, the portion of the metal material on the semi-
conductor substrate 400 is removed by a CMP process.
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Since the top size of the fourth opening 441 may be rela-
tively large, it may be easy to fill the metal material, such as
titanium or tungsten, etc. A desired quality of the first contact
layer 442 may be obtained, and the performance of the tran-
sistor may be stable. Further, the CMP process for removing
the portion of the metal material on the semiconductor sub-
strate 400 may generate a relatively less damage on the sec-
ond dielectric layer 406, which may also aid to increase the
stability of the transistor.

In certain other embodiments, before forming the metal
material layer, a stop layer (not shown) may be formed on the
surface of the second dielectric layer 406, and surfaces of the
sidewalls and the bottom of the fourth opening 441. The stop
layer may be used as a CMP process stop layer. The first
contact material layer may be formed on the stop layer, when
the CMP process for removing the contact material layer on
the second dielectric layer 406 reaches the stop layer, the
CMP process may be stopped. Then, the CMP process may
further remove the stop layer until the surface of the second
dielectric layer 406 is exposed.

The stop layer may be made of any appropriate material,
such as titanium nitride, or tantalum nitride, etc. Various
processes may be used to form the stop layer, such asa CVD
process, a PVD process, or an FCVD process, etc.

In one embodiment, the first contact layer 442 may elec-
trically contact with at least one first metal gate 411 and at
least one first doped region 402, and a share contact structure
is formed. In certain other embodiments, the fourth opening
441 may expose surfaces of the first metal gate 411, and the
first doped regions 402 at both sides of the first metal gate 411
simultaneously, thus the first contact layer 442 may be elec-
trically contact with the first metal gate 411, and the first
doped regions 402 at both sides of the first metal gate 411
simultaneously. Thus a share contact structure may be formed

In certain other embodiments, if the number of the first
opening is greater than one, and the fourth opening 441
exposes the first doped region 402 and the first metal gates
411 at both sides of the first doped region 402, the first contact
layer 442 may contact the first doped region 402 and the first
metal gates 411 at both sides of the first doped region 402
simultaneously. Thus, a share contact structure may be
formed.

Referring to FIG. 7, the third dielectric layer 409 is formed
on the second metal gate 421, the third dielectric layer 409
may protect the second metal gate 421 during the process for
forming the fourth opening 441 (also referring to FIG. 6). The
third dielectric layer 409 may also be used to electrically
isolate the second metal gate 421 and the first contact layer
442. Further, the first contact layer 442 may electrically con-
tact with at least one first metal gate 411 and at least one first
doped region 402, and electrically isolate with the second
metal gate 421, thus the first contact layer 442 may be used as
a share contact of the first doped region 402 and the first metal
gate 411. Further, the fourth opening 441 may be formed by
a single process, the first contact layer 442 may be formed by
a single process too, and the fabrication process of the share
contact structure may be simplified.

Thus, a semiconductor structure may be formed by the
above disclosed processes and methods. A corresponding
semiconductor structure is shown in FIG. 7. The semiconduc-
tor includes a semiconductor substrate 400 having a plurality
of first doped regions 402 and a plurality of second doped
regions 402. The semiconductor structure also includes a first
dielectric layer 401 on the semiconductor substrate 400 and a
second dielectric layer 406 on the first dielectric layer 401.
Further, the semiconductor structure includes at least one first
gate dielectric layer 410 one the semiconductor substrate 400
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and a first metal gate 411 on the first gate dielectric layer 410.
Further, the semiconductor structure also includes a plurality
of second gate dielectric layers 420, a second metal gate 421
on each of the second gate dielectric layer 420, and a third
dielectric layer 409 on the second metal gate 421. Further, the
semiconductor structure also includes a first contact layer 442
electrically contacting with the first metal gate 411 and the
first doped region 402 simultaneously. The detailed structures
and intermediate structures are described above with respect
to the fabrication processes.

In certain other embodiments, the first contact layer 442
and a second contact layer may be formed simultaneously.
The first contact layer 442 may be used as a share contact
structure, and the second contact layer may be used as a
self-aligned contact structure. FIGS. 8-9 illustrate semicon-
ductor structures corresponding to certain stages of an exem-
plary fabrication process for a semiconductor structure with
the first contact layer and the second contact layer consistent
with the disclosed embodiments.

As shown in FIG. 8, starting from the semiconductor struc-
ture shown in FIG. 5, a fourth opening 441 and a fifth opening
451 may be formed in the first dielectric layer 401 and the
second dielectric layer 406.

The fourth opening 441 and the fifth opening 451 may be
formed by etching the first dielectric layer 401 and the second
dielectric layer 406 using the mask layer 407 as an etching
mask. The mask layer 407 may have a sixth opening (not
shown) and a seventh opening (not shown).

The sixth opening may correspond to at least one first metal
gate 411 and at least one first doped region 402. Referring to
FIG. 8, after forming the fourth opening 441, the first metal
gate 411 and the first doped region 402 may be exposed.

The seventh opening may correspond to at least one second
doped region 403. Referring to FIG. 8, after forming the fifth
opening 451, the second doped region 403 may be exposed.

Further, as shown in FIG. 9, after forming the fourth open-
ing 441 and the fifth opening 451, a first contact layer 441 may
be formed in the fourth opening 441; and a second contact
layer 442 may be formed in the fifth opening 442. The first
contact layer 442 and the second contact layer 452 may be
formed by filling a metal material into the fourth opening 441
and the fifth opening 451, followed by removing a portion of
the metal material layer on the mask layer 407, and the mask
layer 407 itself by a CMP process. Top surfaces of the first
contact layer 442 and the second contact layer 452 may level
with the top surface of the second dielectric layer 406.

The first contact layer 442 and the second contact layer 452
may be made of any appropriate material, such as titanium,
tungsten, aluminum, or silver, etc. In one embodiment, the
metal material is titanium or tungsten. Various processes may
be used to form the first contact layer 442 and the second
contact layer 452, such as a CVD process, a PVD process, a
pulse laser deposition process, a sputtering process, or an
electroplating process, etc.

In one embodiment, the first contact layer 442 may elec-
trically contact with the first metal gate 411 and the first doped
region 402, thus the first contact layer 442 may be used as a
share contact structure. The second contact layer 452 may
electrically contact with the second doped region 403, and
may be electrically isolated with the second metal gate 421 by
the third dielectric layer 409. Since the second doped regions
403 may be formed by an ion implantation process using gate
structures as a mask, when the second doped regions 304 are
used as source/drain regions, such source/drain regions may
refer as self-aligned source/drain regions. Thus, the second
contact layer 452 may be used as a self-aligned contact struc-
ture.
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In certain other embodiments, the first contact layer 442
may electrically contact with at least one first metal gate 411,
and may be electrically isolated with the first doped region by
the first dielectric layer 401. The first contact layer 442 may
be used to electrically connect the first metal gate 411 with
other devices and/or structures to match certain industry
requirements.

The first contact layer 442 and the second contact layer 452
may be formed simultaneously, and the fabrication process of

5

integrated circuits may be simplified. The size of the seventh 10

opening for forming fifth opening 452 may be relatively large,
and the resolution requirement of a photolithography process
for the seventh opening may be reduced.

Thus, a semiconductor structure may be formed by the
above disclosed processes and methods. A corresponding
semiconductor structure is shown in FIG. 9. The semiconduc-
tor includes a semiconductor substrate 400 having a plurality
of first doped regions 402 and a plurality of second doped
regions 403. The semiconductor structure also includes a first
dielectric layer 401 on the semiconductor substrate 400 and a
second dielectric layer 406 on the first dielectric layer 401.
Further, the semiconductor structure includes at least one first
gate dielectric layer 410 on the semiconductor substrate 400
and a first metal gate 411 on the first gate dielectric layer 410.
Further, the semiconductor structure also includes a plurality
of second gate dielectric layers 420, a second metal gate 421
on each of the second gate dielectric layers 420, and a third
dielectric layer 409 on the second metal gate 421. Further, the
semiconductor structure also includes a first contact layer 442
electrically contacting with the first metal gate 411 and the
first doped region 402 simultaneously, and a second contact
layer 452 electrically contacting with the second doped
region 403 and electrically isolated with the second metal
gates 421. The detailed structures and intermediate structures
are described above with respect to the fabrication processes.

The above mentioned processes may also be used to form
a three dimensional semiconductor structure, such as a fin
field-effect transistor. A three dimensional transistor with a
desired performance and stability may be obtained by the
present invention.

The above detailed descriptions only illustrate certain
exemplary embodiments of the present invention, and are not
intended to limit the scope of the present invention. Those
skilled in the art can understand the specification as whole and
technical features in the various embodiments can be com-
bined into other embodiments understandable to those per-
sons of ordinary skill in the art. Any equivalent or modifica-
tion thereof, without departing from the spirit and principle of
the present invention, falls within the true scope ofthe present
invention.

What is claimed is:

1. A semiconductor structure, comprising:

a semiconductor substrate having a plurality of first doped
regions and a plurality of second doped regions;

a first dielectric layer on the semiconductor substrate;

a second dielectric layer on the first dielectric layer;

at least one first gate dielectric layer on the semiconductor
substrate;

a first metal gate on the first gate dielectric layer;

a plurality of second gate dielectric layers;

a second metal gate on each of the plurality of second gate
dielectric layers;

a third dielectric layer on the second metal gate; and

a first contact layer electrically contacting with the first
metal gate and the first doped region simultaneously as a
share contact structure, wherein the first contact layer
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comprises a metal material filled in an opening exposing
at least one first metal gate and at least one first doped
region.

2. The semiconductor structure according to claim 1,
wherein:

the first contact layer is isolated with the second metal gate,
and used as a share contact structure.

3. The semiconductor structure according to claim 1,

wherein:

a barrier layer is formed between the first dielectric layer
and the semiconductor substrate.

4. The semiconductor structure according to claim 1,

wherein:

sidewall spacers are formed on the semiconductor sub-
strate at both sides of the first gate dielectric layers and
the second gate dielectric layers.

5. The semiconductor structure according to claim 1,

wherein:

the first contact layer is made of titanium or tungsten;

the first gate dielectric layer and the second gate dielectric
layers are made of high dielectric constant material;

the first dielectric layer and the second dielectric layer are
made of one of silicon oxide and low dielectric constant
material;

the first metal gate and the second metal gate are made of
copper, tungsten, aluminum, or silver; and

the third dielectric layer is made of silicon nitride.

6. The semiconductor structure according to claim 1, fur-
ther comprising: a work function layer disposed on the first
gate dielectric layer and the second dielectric layer.

7. A semiconductor structure, comprising:

a semiconductor substrate having a plurality of first doped

regions and a plurality of second doped regions;

a first dielectric layer on the semiconductor substrate;

a second dielectric layer on the first dielectric layer;

at least one first gate dielectric layer on the semiconductor
substrate;

a first metal gate on the first gate dielectric layer;

a plurality of second gate dielectric layers;

a second metal gate on each of the second gate dielectric
layers;

a third dielectric layer on the second metal gate;

a first contact layer electrically contacting with the first
metal gate and the first doped region simultaneously as a
share contact structure; and

a second contact layer electrically contacting with the sec-
ond doped region, wherein the first contact layer and the
second contact layer comprise a metal material simulta-
neously filled in an opening exposing at least one first
metal gate and at least one first doped region, and in
another opening exposing the second doped region.

8. The semiconductor structure according to claim 7,

wherein:

the first contact layer is used as a share contact structure;
and

the second contact layer is used as a self-aligned contact
structure.

9. The semiconductor structure according to claim 7,

wherein:

the second contact layer is isolated with the second metal
gates by the third dielectric layer.

10. The semiconductor structure according to claim 7,

wherein:

the first contact layer and the second contact layer are made
of titanium or tungsten.
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11. The semiconductor structure according to claim 7,
further comprising: a work function layer disposed on the first
gate dielectric layer and the second dielectric layer.

12. The semiconductor structure according to claim 7,
wherein: 5

the first contact layer is made of titanium or tungsten;

the first gate dielectric layer and the second gate dielectric

layers are made of high dielectric constant material;

the first dielectric layer and the second dielectric layer are

made of one of silicon oxide and low dielectric constant 10
material;

the first metal gate and the second metal gate are made of

copper, tungsten, aluminum, or silver; and

the third dielectric layer is made of silicon nitride.
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